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PROCESS CONTROL 

Tliw invention couuei-ris a process control with linWJ data modules, 
particularly programmable controllers. 

In typical process controls, the data modules arc linked vi a a bus. 
It is her e by provided thai the individual data m o dules transmit the 
dala to be forwarded to oth e r data m o dules at arbitrary tim es which 
ar e determined without r e gularity. Th e data BAoliangc uu, how e ver, 
only function i£ the data of one individual data module at a time 
is transmitted on the bus. — II two 01 more data modules transmit 
their data simultaneously, each of these data modules imm e diately 
ends — its — date — transmission — and repeats — the — respective date 

transmission after a period — of time — d e termined — by — random 

g en e ration. In this way, the previously mentioned data mo dules can, 

as a rule, be presented through p rubability from again 

simultaneously attempting to transmit. — It is al so provided in 
current sy st e ins that a data module only begins to transmit if the 
bus is idle, — i.e. no data transmission of another data module is 
det e ctable. In this way, it is ensured that a data transmission 
initiated by — a — date — module — cannot — be — interrupt e d during the 
transmissi o n by another data module beginning to tiansmit. 

In widespread process eontrols, colliding data transmissio ns occur 
comparatively — frequently, — with the — consequence — that — the data 
eAchange can be delayed significantly and/or tu such a de y r e e that 
an optimal c ontrol of the r e spective process is no longer possible 
and/or is n o longer possible with the d e sired rapidity- 
It is therefore the task of the invention to create a process 
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control — which — makes possible — a — data exchange having good 

i ^ producibility in regard to the Lime required. 

This task is solved according to the invention by a chain of hub 
switches; each with several terminals and an assigned memory array, 
with each hub switch connecting its terminals two at a time while 
disconnecting all remaining terminals and/or temp orarily storing 
"-bite — data — packets — forwarded — via — ttre — Lerminals — separately and 
forwarding them to the currently addressed terminal only when it is 
available for data reception. 

09/21/00 • PCT/EP99/07345 DEGCPAMD 

NETWORK FOR DATA TRANSMISSION 
CROSS REFERENCE TO RELATED APPLICATIONS 

Applicants ulaim priority under 35 U.S. C. 5110 of German 

Applicatiun No. 190 45 070.2 filed October G, 1990. Applicants 

dlso claim priority under 35 U.S.C. S120 of PCT/EP99/07345 filed 

October 4, 1999. The international application under PCT article 

21(2) was not published in English. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The invention concerns a network for data transm ission with 
modules linked together for data exchang e and hub switches, each 
with several terminals and assigned and/or integrated memory 
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array, with each hub switch connecting its term inals in pairs 
while disconnecting from all other terminals and/or temporarily 
storing the data packets forwarded via the terminals separately 
and only forwarding them to the respective address termina l when 
it is available for data reception and/or can be disconnected. 

2. The Prior Art 

These types of networks are known in principle in the field 
of communication networks, cf., for example, the US patent 
specifications 5, 544 . 163, 5, 781. 530, and 5,790,786. 

However, this technology has not vet gained favor in the 
control of industrial processes. 

Rather, in typical process controls, the modules of the 
control are linked together via a bus, whereby it is provided 
that the individual modules transmit the data receiv ed by them, 
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which is to be forwarded to other modules, at a rbitrary times, 
determined without regularity. The data exchang e can, however, 
only function if the data of one single module at a time is 
transmitted on the bus. If two or more data modules transmit 
their data simultaneously, each of these data module s immediately 
ends its data transmission and repeats the re spective data 
transmission after a period of time determined bv random 
generation. In this way, the previously mention ed data modules 
can, as a rule, be prevented by probability from again 
simultaneously attempting to transmit. It is a lso provided in 
current systems that a data module only begins to transmit if the 
bus is idle, i.e. no data transmission of another data module is 
detectable. In this way, it is ensured that a data transmission 
initiated by a data module cannot be interrupt ed during the 
transmission by another data module beginning to transmit. In 
widespread process controls, colliding data transmis sions occur 
comparatively frequently, with the consequenc e that the data 
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exchange can be delayed significantly and/or to such a degree 
that an optimal control of the respective process is no longer 
possible and/or is no longer possible with the desir ed rapidity. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to create a 
network suitable for the control of industrial proce sses which 
makes possible a data exchange having g ood reproducibility in 
regard to the time required. 

This object is achieved according to the inve ntion in that 
in a process control with several programmable controller s linked 
through the hub switches, each including a cen tral processing 
unit and slave processors, each programmable controller is 
assigned a hub switch with separate terminals for the slave 
processors and the central processing unit of the respective 
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programmable controller, and each slave processor c an exchange 
data with arbitrary modules while circumventing its assigned 
central processing unit. 

These types of hub switches are commercially available as, 
for example, "Ethernet switches" and have a complete transmitter 
and receiver for each terminal, so that each terminal is 
continuously available for the transmission or reception of data, 
and data reaching the terminal is continuously saved or, if 
another terminal is idle, can be forwarded to this other 
terminal . 

Additionally or alternatively, a bus can be provided which 
links together access control units (MAC, media access 
controller) , monitored by a transmission control, via which the 
bus is connected with at least one assigned terminal of a hub 
switch and/or a central processing unit (CPU), slave processors, 
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and/or a programming device, with the transmission control 
exclusively switches the transmission authority of the access 
control units cyclically and/or according to presettable 
priority. 

The invention is based on the general idea of preventing 
colliding data transmissions in a data line through a particular 
physical structure of the process control and/or through control 
of the data exchange. Incalculable delay times when accessing a 
bus and/or a data line are thereby prevented from occurring and 
the time needed for a data exchange can be calculated exactly 
and/or within very narrow boundaries. 

The linked hub switches subdivide the data transmission 
chain they form into a number of sections which are, on one hand 
available for simultaneously performed data transmissions which 
are independent of one another, and, on the other hand, with 



appropriate switching of the hub switches, can form one single 
continuous data transmission line. 

A particular advantage of the hub switches is that they 
offer the possibility that, in principle, a terminal can be 
connected to each hub switch as a programming input. On one hand, 
this offers the advantage of decentralized programming. On the 
other hand, it is advantageous that when programming the data 
modules connected to the respective hub switch, the line system 
linked with the hub switches does not have to be stressed. 
Rather, the terminal of a hub switch connected as a programming 
input can communicate internally via the hub switch with its 
other terminals and thereby with the data modules coupled to 
them. 

The bus and/or the buses with transmission control are 
advantageously provided for partial systems of the process 
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control and are each assigned a terminal of a hub switch. 

The advantage is thereby attained that the hub switch and/or 
the hub switch system can be conceived with relatively few 
terminals, because the previously mentioned bus "multiplies" the 
hub switch terminal assigned to it according to the idle access 
control units of the respective bus available. 

This type of bus system with transmission control does 
typically have a lower performance capacity than a hub switch 
system, because each bus forms a unit which cannot be subdivided 
into subsegments and is only available for one data transmission 
to or from a data module coupled to the bus at a time. 
Nonetheless, such a bus system is often completely sufficient for 
subsystems, particularly for those systems which only have a 
comparatively small requirement for communication with other 
subsystems of the. process control and, correspondingly, only 



slightly load the hub switch system during operation of the 
process control. 

With the combination of the hub switch system with bus 
systems monitored through transmission control, consideration is 
advantageously taken of the fact that a process control often 
must link partial systems which are widely spatially separated, 
and which, on their part, consist of comparatively closely 
neighboring modules. The closely neighboring modules can then be 
linked together through the comparatively economical bus systems 
with typical transmission technology, while the hub switches 
communicate with one another via optical fibers or other line 
systems which are conceived for data transmission over large 
distances and are correspondingly more expensive. 

Each hub switch and each bus with transmission control 
offers, in principally the same way, the possibility of linking 
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the central processor of a programmable controller with assigned 
slave processors and/or slave units, and doing so in such a way 
that the slave processors and/or slave units can, if . necessary, 
exchange data with arbitrary data modules of the process control 
while circumventing the central processor. 

On one hand, an appreciable load reduction of the central 
processor is thereby made possible. On the other hand, the 
necessary data exchange can be significantly accelerated. 
Furthermore, the respective central processor can process the 
tasks incumbent to it faster, without being "disturbed" by data 
exchange between a slave processor or similar device assigned to 
it and other parts of the process control. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the following, reference is made to the claims and to the 
subsequent description of the drawings in regard to preferred 
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characteristics of the invention, with the aid of which the 
preferred embodiment variations of the invention will be 
described in more detail. 
These show 

Fig. 1 a schematic depiction of a hub switch chain and 

Fig. 2 a schematic depiction of a bus system with transmission 
control . 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
According to Fig. 1, a number of hub switches 1 are linked 
together, for example via fiber-optic cable 2. These hub switches 
1 have a number of terminals which, on one hand, serve the fiber- 
optic cable 2 serving to link the hub switches and, on the other 
hand, serve for the modules of a programmable controller 3 and/or 
for a programming device 4. ■ 
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Insofar as the hub switches 1 are provided for other types 
of signals, optical signals in the present example, than the 
units to be coupled to the terminals of the hub switches, which 
could, for example, be provided for processing of electrical 
signals, appropriate interfaces and/or interface modules 5 are 
located and/or integrated in the hub switches 1 or the connected 
modules 6 and 7. 

The hub switches 1 can separately store data entering their 
terminals and relay it via another terminal, which leads to the 
desired receiver for the data previously mentioned, with this 
relay only and/or first occurring when the previously mentioned 
other terminal is idle. 

The storage of the data entering via a terminal can, if 
necessary, be omitted if the other terminal, via which this data 
must be relayed, is already idle when the previously mentioned 

13 



data arrives. In principle, a temporary storage of the data can, 
however, also be provided in such a case, with the input of the 
data into the storage and the transmission of the data from the 
storage able to occur practically simultaneously and a "virtual" 
direct connection between two terminals of the hub switch created 
by the storage. 

The programmable controller 3 includes, in a basically known 
way, a central processing unit 6 (CPU) , as well as several slave 
processors 7. 

A characteristic of the invention is, thus, that both the 
processing unit 6 and the slave processors 7 are assigned 
separate terminals of the hub switch 1 assigned to the respective 
programmable controller 3. In this way, it is made possible for 
each slave processor 7 (or another data module of the 
programmable controller 3) to communicate with, in principle, any 
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arbitrary data module of the entire process control via the 
assigned hub switch 1 while circumventing the assigned central 
processing unit 6. 

If necessary, the programmable controller can also have a 
bus 8, via which the central processing unit 6 and the slave 
processors 7 can communicate with one another while circumventing 
the assigned hub switch 1. 

As is described further below, a collision of data 
transmissions on the bus 8 can be prevented through transmission 
control . 

In the example of Fig. 1, a hub switch 1' has only 
comparatively few terminals, in the example depicted three 
terminals, of which two terminals are, in turn, provided for 
fiber-optic cable 2 for networking with other hub switches 1 
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and/or 1', while one 
will be described in 



terminal is assigned to a bus system 
the following with reference to Fig. 
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The bus system 9 of Fig. 2 has a bus 10 which links a number 
of access control, units 11, also called MACs, i.e. media access 
controllers, with one another. The left access control unit 11 in. 
Fig. 2 hereby serves for connection to the assigned hub switch 
l 1 , whereby, if necessary, the interface unit 5 can be provided 
between this access control unit 11 and the hub switch 1' in 
order to be able to convert the signals of the hub switch system 
into the signals of the bus system 9 and vice versa. 

The remaining access control units 11 
with the central processing unit 6 and the 
and/or the programming device 4 . 

A joint transmission authority control 12 is provided for 



connect the bus 10 
slave processors 7 
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the access control units 11. This control receives, on one hand, 
ready-f or-sending signals via input-side control lines 13 from 
the access control units 11 when the module assigned to the 
respective access control unit 11 - hub switch 1', central 
processing unit 6 and/or slave processor 7 or programming device 
4 - wants to send data or appropriate data is saved in the 
respective access control unit 11. The transmission authority 
control 12 selectively distributes transmission authorities to 
the previously mentioned access control units 11 via output- side 
control lines 14. 

Synchronization of the units communicating with the clock 
generator 15 is ensured through a joint clock generator 15 for 
all access control units 11 and the transmission authority 
control 12. It could also, for example, be provided that a 
transmission authority signal, only remains effective for one 
pulse and/or for a predetermined number of pulses and must then 
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be renewed. 

The transmission authority control 12 ensures, through 
appropriate programming , that data is relayed to the bus 10 only 
via one single access control unit 11 at a time. Colliding data 
transmissions are thereby prevented. Correspondingly, the 
transmission capacity of the bus 10 can be used optimally, 
without any interference from colliding data transmissions. 

As a result, the bus system 9 effectively multiplies the 
terminals of the hub switch l 1 leading to the bus system 9. 

. It is advantageous in regard to the acquisition costs of the 
entire process control if the bus system 9 is implemented with 
typical electrical circuit engineering, while for the hub switch 
system, fiber-optic technology can be advantageous. The hub 
switch system then serves for networking over long distances, 
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while the .relatively economical bus system can be used for 
networking over relatively short distances. 

The bus 8 in Fig, 1 can also be implemented corresponding to 
the bus system 9 in Fig. 2, with the difference that the bus 8 
typically has no direct connection to the neighboring hub switch 
1, but merely serves for internal data communication : of the 
programmable controller 3. 

In the example of Fig. 2, however, each system part coupled 
to the bus 10 can, on one hand, communicate with other system 
parts coupled to the bus 10, and, on the other hand, can also 
directly communicate via the hub switch 1' with system parts on 
other hub switches 1. 

For smaller process controls, the entire system can, if 
necessary, also be implemented according to the bus system 9 of 
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Fig. 2, with the left access control unit 11 then connected with 
a slave processor 7 or similar device, instead of with the hub 
switch 1 ' . 

As a deviation from the embodiment described above, the 
fiber-optic cable 2 could also partially or completely be 
replaced by electrical data lines, insofar as the electromagnet! 
surroundings cannot lead to interference in data transmissions. 
The electrical data lines make electro-optical converters 
unnecessary, on the assigned inputs and outputs of the hub 
switches 1, so that a particularly economical .system is possible 

If there is a high potential for electromagnetic 
interference in the surroundings and/or there are long line 
paths, the fiber-optic cables 2 are, as a rule, preferred. 
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